Amorphous melt-spun Ti 84 Si 16 was investigated by small angle neutron scattering (SANS) in the blank state as well as after loading with hydrogen or deuterium. The integrated intensity and the fractal dimension of the SANS signal change strongly with increasing H, D content. A model is proposed which explains the changes of the scattering signal. By means of this model it is concluded that melt-spun amorphous Ti 84 Si 16 consists of two types of regions. The first type contains pure Ti and the composition of the second type is Ti 80 Si 2 o-The inner surfaces between these types of regions have fractal features.
Introduction
The short range order of amorphous titanium-silicides, produced by sputtering or melt-spinning, has been investigated in recent years [1, 2] . The medium range order of many amorphous alloys is characterized by inhomogeneities which give rise to a small angle neutron scattering (SANS) signal. Former investigations of hydrogenated Ti-containing amorphous alloys [3] showed that concentration fluctuations in the bulk are responsible for the SANS signal. These fluctuations may extend from some ten up to several thousand Angstroms.
In the present work amorphous Ti 84 Si 16 alloys which were loaded with different amounts of hydrogen were investigated by small angle neutron scattering. The hydrogen is incorporated inhomogeneously into the samples because of the inhomogeneous medium range structure of the amorphous alloy. Thus the hydrogen changes the SANS signal and can be employed as a probe for the nature of the heterogeneities. Isotopic substitution of hydrogen by deuterium causes different changes of the SANS signal owing to the opposite signs and different absolute values of the coherent scattering lengths of H and D (Table 1 ). In the present work a model for the composition of the inhomogeneities and the character of the inner surfaces between two types of regions is proposed which is compatible with the SANS experiments. The present model is a refinement of a model which has been proposed in a previous study [3] , 
Theoretical

Differential Cross Section
Samples which consist of two phases with different scattering length densities give rise to a SANS signal. For an isotropic system the differential cross section for coherent scattering per atom is [5, 6] 
where Q = 47r(sin#)/A, 29 = scattering angle, A = wavelength, po = number density of the sample, R = coordinate in real space, Ar] = difference of the scattering length densities of the two phases, v\, -volume fractions of the two phases, 7(R) = autocorrelation function of the scattering length density. -5 was found in the range between -3 and -A. According to [7] it is possible to introduce a fractal dimension D s of the surface of the scattering regions:
Fractal Dimension
For D s = 2 the surface is smooth and for D s >2 the surface has fractal properties which means that it is rough. The power-law scattering of amorphous metals with -4 < -S < -3 can be explained by the existence of inner self-similar surfaces whose roughness is characterized by a fractal dimension 2 < D s < 3.
Enhancement Factor
To compare the strength of the SANS signal of the H(D) loaded samples, / H (D)(Q) ' that of an unloaded sample, / 0 (Q), an enhancement factor / H(D) is defined:
3. Experimental
Specimen Preparation
Amorphous Ti 84 Si 16 ribbons were produced by the melt-spinning method [8] , The ribbons were several meters long, between one and two millimeters wide and 20 to 30 |4m thick. The H(D) loading was done by electrolysis. The ribbons were wound around a cylindrical PVC frame and were connected with a Cucathode. In the center of the PVC frame a Pd wire was fixed as an anode. A 1 M solution of H 2 S0 4 (D 2 S0 4 ) was used as electrolyte. The temperature of the electrolyte was 65 °C, the current 50 mA and the voltage 2.4 V. The process of H(D) loading for the higher H(D) contents took several hours. An undesired effect was the thickness reduction of the ribbons by etching. Thus the final thickness of the higher loaded ribbons was only between 10 and 15 |im. The time needed for the D loading was about twice as long as for the H loading. Therefore it was not possible to prepare samples with more than 31 at-% D. In Table 2 the H(D) loaded samples are listed. After the loading process the H(D) content of the samples was analyzed by the method of carrier-gas hot-extraction at 1100 °C. X-ray diffraction showed that the samples were still amorphous after H(D) loading. For the SANS experiments it was necessary to fix up to 50 layers of ribbons on top of each other.
Small Angle Scattering
The SANS experiments were performed at Laboratoire Leon Brillouin, CEA-CNRS, C.E. Saclay, France with the instrument PACE and at Hahn Meitner Institut, Berlin, Germany with the instrument V4. At PACE two different settings (A = 6 A, sampledetector distance SD = 2.5 m and A = 14 A, SD = 4.7 m) were chosen to cover by overlapping runs the Q-range from 2.8 • 10 -3 A -1 up to 0.13 A -1 . At V4 three different settings (SD = lm, 4m, 16m, A = 14 A for all three settings) were needed to cover the Q-range from 3.8 • 10 -3 A -1 up to 0.27 Ä" 1 . For the experiments at PACE the samples have to be isotropic, because this instrument delivers only one-dimensional data. The isotropic scattering of the samples was confirmed at V4 which is equipped with a two-dimensional detector.
The measured intensities were corrected for background and absorption. The conversion into absolute scattering units was done with the incoherent scattering signal from a vanadium standard in the range Q>0.1A~1. Figure 1 shows the scattering cross sections of the H(D) loaded samples and the corresponding blank samples in a log-log plot. According to [7] and (2) the fractal dimension D s of inner self-similar surfaces was determined from the gradient of the SANS signal in a log-log plot. The enhancement factor/ H(D) was determined as defined in (3). D s and / H(D) are listed in Table 2 . Figure 2a) shows the square root of/ H(D) and Fig. 2b) 
Results
Discussion
A SANS signal can be produced by an inhomogeneous distribution of the scattering length density inside the irradiated volume; This may be caused by density fluctuations or by compositional fluctuations [3] . On the other side, also irregularities on the outer surfaces of the amorphous ribbons have to be considered as a possible source of SANS [9] . However, ribbons with different thicknesses, i. e. with different ratios of the outer surface to their volume were measured and no correlation between the SANS signal and the relative amount of outer surfaces was observed. Therefore, in the case of the Ti 84 Si 16 ribbons investigated in the present work, the SANS had to be attributed to the volume. The possible sources of the SANS signal were investigated in [3] , and the result for melt-spun Ni 16 Ti 68 Si 16 was that the SANS signal cannot be caused by fluctuations of the local atomic number density alone but must be due to compositional fluctuations. Of course, these give rise also to density fluctuations depending on the different molar volumes of the constituents.
A further important point for the following considerations is that according to (1) the SANS signal is proportional to the product of the volume fractions of the two phases with different scattering length densities. Furthermore, the SANS signal is proportional to the square of the difference Ar] of the scattering length densities. Therefore the square root of/ H(D) is plotted in Fig. 2a 1) The scattering lengths of H and D have opposite signs. Thus one would expect that an increase of the SANS signal due to H loading would be accompanied by a decrease of the SANS signal due to D loading, and vice versa. However, the SANS signal for the H loaded samples as well as for the D loaded samples is higher than for the blank samples.
2) The absolute value of the scattering length of D is about twice as large as that of H. According to (3) we would expect the ratio
to be about 0.5. However, Fig. 2a) shows that the ratio is about 2.
3) The third remarkable effect is the strong increase off H x ' 2 in the range from 30 at-% H to 41 at-% H. This increase is accompanied by a decrease of the fractal dimension D s in Figure 2b ).
In the following a model for the explanation of these effects is proposed which is illustrated by means of the Figures 2-4 . The model is based on the view Fig. 2a ) can be subdivided into the ranges a-f where apparently different structural phenomena occur which will be discussed in the following.
Ranges a, b, c
Wide angle scattering with hydrogenated Ti 84 Si 16 [ 10] showed that the hydrogen atoms prefer Ti nearest neighbours. Thus it can be assumed that H(D) atoms first of all occupy the Ti regions. This behaviour is illustrated in Figs. 3a) , b), c) and corresponds to the ranges a, b, c in Figure 2a) . The scattering length density of the pure Ti regions is more negative than that of the Ti-Si regions because the scattering length of Ti is negative and that of Si is positive. Note, that for the Ti-Si regions the scattering length density is negative, too, because of the higher Ti content. further addition of D the SANS signal must increase again. However this behaviour was not observed. The SANS signal of the D loaded sample is always higher than for the blank sample. This behaviour can be explained by the idea that the D atoms permeate the regions I as a diffusion front (Fig. 3b) ). In the part of the loaded Ti regions the D content is always higher than the D content for r/ TlD ] = r] 0 u . This case is shown in Fig. 4 , where ri TlD l > r] 0 n . Ar] H{D) is the difference of the scattering length densities between the H(D) loaded part of regions I and the unloaded regions II. The H and D atoms form a diffusion front which has permeated the Ti regions completely in Figure 3c ). When the Ti regions are permeated completely, the difference of the scattering length densities will have a maximum. This maximum can be determined at 10 at-% H(D) in Fig. 2a) , point c. Note, that the H(D) content in the regions I is about 36 at-% because the value of 10 at-% refers to the whole sample (see below).
Now it is possible to make a statement about the composition of the two types of regions. The supposition is that regions I consist of titanium only and that these regions are completely permeated at 10 at-% H(D). Then the Ti content of regions II can be determined from the condition that the calculated values of /h 1 / 2 and/d 1 / 2 correspond to the experimental values. The difference of the scattering length densities for the blank sample can be calculated from
where p denotes number densities, and c^ + cfJ = 1. The difference of the scattering length densities for the H(D) loaded sample, where H(D) is embedded only in regions I, is: 
Ranges d, e, f
When the regions I are permeated completely, further H(D) will begin to be incorporated also in regions II (Fig. 3d) ). This will reduce the contrast between the regions I and II and thus cause a decrease °f/H(D) 1//2 -This behaviour can be observed in Fig. 2a ) up to about 30 at-% H(D).
In the range e from about 30 at-% H to 41 at-% H the SANS signal increases very strongly. At the same time, the fractal dimension D S , which is ascribed to the inner surfaces, decreases. This means that within this H(D) composition range there are new and smoother inner surfaces which separate two areas with different scattering length density. This effect can be observed with the D loaded samples, too, but only allusively because samples with more than 31 at-% D could not be prepared by electrolysis. The H inside the samples must be responsible for this smoother inner surfaces, assuming that the structure of the samples is not changed by the H loading. This effect must be dominant because/ H ly/2 increases strongly. At 41 at-% H,/ h '/ 2 starts to decrease and the fractal dimension D s increases.
These experimental results can be incorporated into the model. Figures 3d), e) , f) illustrate the process of the diffusion of the H atoms inside the Ti 84 Si 16 ribbons. Figure 3d) shows the beginning of the diffusion of H into the regions II, which causes a reduction of the difference of the scattering length densities between regions I and II. But with increasing H content in regions II a new diffusion front is built up, which leads to a new difference of the scattering length densities and an additional contribution to the SANS signal. At the beginning of the diffusion of H through the fractal inner surfaces the change of the fractal dimension D s is very small (range d). Figures 3d ) and e) illustrate why D S becomes smaller with increasing H content in the regions II (range e). The areas near the fractal inner surfaces are loaded with H gradually, and thus H permeates the regions II in form of a smoother diffusion front and D s becomes smaller. For the dominance of this effect there are two reasons.
Firstly the contrast between regions I and regions II becomes smaller, and secondly the regions II occupy about 80% of the volume of the whole sample. The SANS signal which is caused by the diffusion front of H in the regions II is proportional to the product of the loaded and the unloaded volumes of the regions II. At the beginning of H diffusion into the regions II the product of the loaded and unloaded volumes of the regions II is very small and the surface of the diffusion front is very rough. Are the volumes of the loaded and the unloaded parts of the regions II the same, their product attains the maximum value and thus the SANS from the regions II will be maximum (around c H = 0.4 in Fig. 2a) ). The diffusion front is very smooth and this effect dominates (D s = 2.2 in Fig. 2b) ). With increasing H content of the regions II the product of the loaded and unloaded volume fractions and thus the dominance of this effect again decreases. D s becomes larger, because the SANS effect between regions I and II will be less covered by the effect of the diffusion front in regions II. When the regions II are permeated completely by H, only the contrast between regions I and II remains, but now its level is lower because the contrast is reduced due to the fully loaded regions II.
Conclusions
Amorphous melt-spun Ti 84 Si 16 exhibits a small angle neutron scattering (SANS) effect, which is caused by compositional fluctuations. The SANS signal is changed by loading the Ti 84 Si 16 ribbons with hydrogen or deuterium. On the basis of these changes a model of H(D) diffusion into amorphous Ti 84 Si ]6 alloys is introduced. It is suggested that the medium range order of the amorphous alloy consists of two types of regions, Ti and Ti 80 Si 20 -The volume fraction of the Ti regions is about 20 pet. The inner surfaces between the two types of regions have a fractal character.
